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Abstract 
Evaluation of crack growth during fracture and fatigue-crack-growth test using unloading compliance technique is well 
established for standard homogeneous fracture specimens . Three Point Bend specimens are widely used to measure fracture 
toughness and fatigue-crack-growth rates in metallic materials. A compliance functions is given in ASTM E1820-09 [5] to find 
out the in-situ crack length based on  crack mouth opening displacement (CMOD). One of the inpute required in compliance 
function is the young's modulus of elasticity of  the specimens material. To quantify the fracture toughness of weld joints, 
specimens are machined from weldments. Such specimens comprises of both weld and base materials. In general, base and weld 
materials have different young's modulus of elasticity (E). ASTM (E-1820) method doesn't account for the influence of mismatch 
in "E" values of base and weld material on the compliance function.  
In this work, an effective modulus of elasticity is proposed for TPB specimens having weld center crack  to account for the 
influence of mismatch in "E" values of base and weld material and geometry of weld on the measurement of crack length using 
ASTM compliance function. Numerical studies were carried out on TPB specimens. Compliances were calculated by linear 
elastic 3D Finite Element analysis . Wide range of relative crack length (a/w) varying from 0.3 to 0.7 and practical range of weld 
width were considered. Crack lengths calculated based on proposed effective modulus of elasticity were compared with the 
results obtained from ASTM (E-1820) technique (applicable to homogeneous specimens). Our studies revealed that, in 
comparison to ASTM technique , the proposed scheme for the TPB specimens having weld centre crack allows a very accurate 
evaluation of actual crack size. 
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1. Background 
Three Point Bend (TPB) specimens are widely used to measure  fracture toughness and fatigue-crack-
growth rates in metallic materials. Experimental evaluation of fracture toughness required in-situ monitoring  of 
crack length. Unloading/reloading Compliance technique is the standard practice  that is widely adopted for in-situ 
measurement of actual crack size. A widely accepted  compliance function is given in ASTM E1820-09 (Eq.1) [5] to 
find out the in-situ crack length based on  crack mouth opening displacement (CMOD) of TPB (nominally 
homogeneous) specimens. Several investigations have been carried outr in past ( Steenkamp, 1988 [1], Ipiiia et 
al.1989 [2], Dzugan,2000[3], Dzugan et. al. 2000[4] ) to increase the accuracy and reliability of compliance 
technique. Paulus and Steenkamp, 1988   have discussed the three  areas of uncertainty affecting the elastic 
compliance for TPB Specimen;  deformation, Roller motion and roller indention and proposed some correction 
factors. Such relations and investigations were carried out only for homogeneous specimes . 
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Ci = (¨vm/¨P) on an unloading/reloading sequence, 
vm = crack mouth opening displacement at notched edge, 
Be = B - (B - BN)2 / B 
  
To measure the fracture toughness of weld joints, specimens are machined from weldments. Such specimens 
comprise of both weld and base materials (as shown in fig-1). In general, base and weld materials have different 
Young's modulus of elasticity (E). ASTM method doesn't account for the influence of mismatch in "E" values of 
base and weld material on the compliance functions. Thus, it is expected that ASTM method may not lead to 
accurate evaluation of crack size for fracture specimens having strength mismatch weld. In this work, an effective 
modulus of elasticity (Ee) is proposed for TPB having weld center crack to account the influence of mismatch in "E" 
value of base and weld material and geometry of weld on the measurement of crack length using ASTM compliance 
function. 
 
 
 
 
 
 
 
 
 
 
             Fig-1 TPB specimen having weld center crack 
2. Effective Modulus of Elasticity (Ee ) for a TPB Specimen Having a Weld Center Crack 
The effective modulus of elasticity (Ee) of a fracture specimen is affected by the state of stress in the 
specimen ligaments that may vary between the extreme E=E' (plane stress) and E=E'/(1-Ȟ2) (plane stress) condition, 
here Ȟ is poison's ratio and E' is young's modulus of specimen. For a mismatched specimen having a weld center 
crack, Ee will also depend on the weld width (2h). An approximate expression for the effective modulus of elasticity 
(Ee) for a mismatched specimen can be found by comparing the compliance of composite beam as shown (fig-2) 
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with a equivalent homogeneous beam having 
beam theory was used. 
 
 
 
 
 
 
 
 
Fig - 2   A si
Strain energy due to point load P, 
 
ܷ ൌ  ܲ
ଶ
ͳʹܫ
where, I is the area moment of inertia of beam
material respectively. 
Deflection of beam due to point load P can be ca
 
ߜ ൌ ߲ܷ߲ܲ ൌ
Compliance C of beam,  
ܥ ൌ  ߜܲ ൌ
 
and compliance of equivalent homogeneous bea
 

 
By equating C with Ce , Equivalent modulus of e
 
ͳ
ܧ௘
ൌ ൬
 
Assuming the fact that load line displaceme
proportional during the elastic unloading/reload
(Ee) can be used for crack size calculation by co
 
3.0 Results  and Discussion 
 
 
 
 
L 
Base 
Fig- 3 Finite elem
modulus of elasticity Ee. For the compliance calculatio
mply supported composite beam 
ቆ ܮ
ଷ
͵ܧ஻
൅
ሺܮ ൅ ݄ሻଷ
͵ܧ௪
െ ܮ
ଷ
͵ܧ௪
ቇ 
, EB and Ew  are young's modulus of elasticity of bas
lculated as ,  
 ܲͳͺܫ ቆ
ܮଷ
ܧ஻
൅
ሺܮ ൅ ݄ሻଷ
ܧ௪
െ ܮ
ଷ
ܧ௪
ቇ 
 ͳͳͺܫ ቆ
ܮଷ
ܧ஻
൅
ሺܮ ൅ ݄ሻଷ
ܧ௪
െ ܮ
ଷ
ܧ௪
ቇ 
m 
ୣ ൌ 
ͳ
ͳͺ 
ሺ ൅ ሻଷ
ୣ
 
lasticity can be found  
ܮ
ܮ ൅ ݄൰
ଷ
൬ ͳܧ஻
െ ͳܧௐ
൰ ൅ ͳܧௐ
 
nt (LLD) and crack mouth opening displacement (C
ing of TPB specimens. Hence, same effective modulus o
mpliance technique based on CMOD. 
2h L 
P 
Weld Base 
(2) 
(3) 
(4) 
(5) 
(6) 
 
ent mesh of half model of TPB specimen 
n a Euler's 
e and weld 
MOD) are 
f elasticity 
245 Suranjit Kumar et al. /  Procedia Engineering  86 ( 2014 )  242 – 246 
In order to validate the proposed concept of effective modulus of elasticity, crack size were estimated by 
ASTM E-1820 [5] compliance function (eq-1) by using three different E value: proposed effective modulus of 
elasticity (as given by eq-6) , Young’s modulus of base and weld materials, and are compared with actual crack size 
of specimen. Apart from modulus of elasticity, compliance of specimen is also a vital input in compliance function. 
Compliance of specimen were calculated by linear elastic 3D Finite Element analysis of mismatched TPB specimen 
by using actual Young’s modulus of base and weld material (FE mesh is shown in fig-3). 3D finite element analyses 
were performed to avoid the thickness effect of specimen on compliance calculation. Only half of the specimen was 
analyzed given the symmetry of the problem. 20-node isoparametric brick elements were used in the discretization.  
                                                                                                            
  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig-4 Comparison of relative crack length (a/W) of mismatched TPB specimens  calculated as per 
ASTM technique using different E value (Ebase = 2.27E5 GPa and Eweld = 1.94E5 GPa).      (a) for a/w 
=0.3, (b) for a/w =0.5 and (c) for a/w =0.7. Dotted line showing the results from homogeneous 
specimen. 
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Wide range of relative crack length (a/w) varying from 0.3 to 0.7 and practical range of weld width were 
considered. For the sake of comparison, a difference of 15 % in E values of base and weld material was considered. 
These E value correspond to the case of Dissimilar Metal Weld between ferritic steel (SA508 Gr.3 Cl.1) and 
austenitic stainless steel (SS304LN). In general, the welding between ferritic steel, and austenitic stainless steel in a 
typical Dissimilar Metal Weld is carried out using Inconel82/182 as filler wire/electrode. The mismatch in E values 
of Inconel82/182 and austenitic or ferritic steel is about 15 %. 
Results obtained by compliance technique using three different  E value are presented in fig-4 for a/w 0.3, 
0.5 and 0.7. For the deeper cracked specimens (a/w=0.7), the error in a/w estimation as per ASTM E-1820 technique 
using E value of either base or either weld material is less comparison to shallow cracked specimens (a/w=0.3). The 
results (fig-4) also revealing that, for the specimens having thin weld use of E value of base material in ASTM E-
1820 compliance function lead to accurate estimation of a/w comparison to use of E of Weld. Vice versa is true for 
specimens having thicker weld. However, our studies revealed that, in comparison to ASTM technique (by 
considering E value of either base or weld material) , the proposed scheme for the TPB specimens having weld  
centre crack allows very accurate evaluation of actual crack size. For the typical case of TPB specimen it was 
observed that the maximum difference in crack size, evaluated using ASTM technique can be as high as 9 % for 
given 15 % difference in E vales of base and weld material. It was observed that for thin weld use of E value of base 
material lead to accurate evaluation of crack size than that provided by the use of E value of weld material. Our 
proposed relation is applicable to both thin as well as thick welds and lead to an evaluation of crack size for these 
cases within 2% of the actual crack size.  
3. Conclusions 
Our studies revealed that, in comparison to ASTM technique, the proposed scheme for the TPB specimens 
having weld centre crack allows very accurate evaluation of actual crack size. For the typical case of TPB specimen 
having 15% difference in E vale of base and weld material, it was observed that the maximum difference in crack 
size, evacuated using ASTM technique will be as high as 9 % from the actual one. Our proposed relation for this 
case allows evaluation of crack size within 2% of the actual one.   
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